Abstract It is necessary to develop new methods for the isolation of unknown actinomycetes from soils. To evaluate the effects of oligotrophic medium on the isolation of soil actinomycetes and develop a new isolation method, the Gause's synthetic medium was diluted to one tenth the recommended concentration in the present study. Soil dilution plate technique was used to isolate actinomycetes from the soil samples. Oligotrophy decreased actinomycete and streptomycete counts, as well as the number of antagonistic actinomycete species. Oligotrophy also decreased the number of actinomycete species in five samples. Some actinomycete species were cultured only on the oligotrophic medium, whereas other species could not be cultured. Oligotrophy decreased actinomycete counts more significantly for soils with organic matter content[40 g/kg. We used 16S rRNA sequence analysis to identify 22 actinomycete species that were only cultured on the oligotrophic medium. Oligotrophic medium was helpful for the isolation of Streptomyces spp., Micromonospora spp. and Streptosporangium spp. Slightly more than 80 % of the identified actinomycete species were biologically active. Therefore, we could draw a conclusion that oligotrophic medium could be helpful for the discovery of new antibiotic producers and the exploitation and utilization of new, biologically active compounds.
Introduction
It is estimated that about 45 % of all biologically active microbial metabolites are produced by actinomycetes [1] . Therefore, isolation of novel actinomycetes, which could produce new biologically active compounds, is the fundamental of research and development of new drugs. However it becomes increasingly difficult to isolate novel actinomycetes using current isolation methods and techniques. Scientists are searching for improved methods mainly through three ways, including new methods of treating the soil, new ways of inhibiting the growth of unwanted microorganisms, and new types of culture media [2] [3] [4] [5] [6] [7] .
For the third way, media with rich nutrients were studied in most researches [2, 3] and oligotrophic media were chiefly used for bacteria [8, 9] . Only a few scientists adopted oligotrophic media to isolate actinomycetes. On nutritious media, chemoautotrophic actinomycetes could not be cultured for the negative effect of nutrients, and similarly for the oligotrophic actinomycetes. However, oligotrophic media prevent the overgrowth of eutrophic and fast-growing actinomycetes, which provide oligotrophic actinomycetes with suitable nutrients concentration and sufficient growing space. Previous researches indicated that oligotrophy is an important way to explore unknown actinomycete resources [10, 11] . We should pay more attention to the comprehensive study of the improving effects of oligotrophy on the actinomycetes isolation.
The aims of this research were to investigate the feasibility of oligotrophy as a means for isolating novel actinomycetes and search for science basis of oligotrophy technology to isolating actinomycetes. Mountain soil samples, from different environments including elevations, vegetations and calcium contents, were analyzed in this study. We compared the actinomycetes population, species number, and antagonistic actinomycetes isolated from oligotrophic medium and standard medium. Isolates which were unique to oligotrophic medium were identified by 16S rRNA sequence analysis.
Materials and Methods

Soil Sampling and Pretreatment
Ten soil samples were collected in September 2010 at ten elevations on the north side of Taibai Mountain, Shaanxi Province, China (33°57 Table 1) . Each sample was gathered randomly with a small sterilized shovel from three sites (5-20 cm depth) and mixed thoroughly. The samples were placed in sterile polyethylene bags, transported to laboratory in 7 h, and stored in the dark at 4°C until use. The soil samples were air dried and passed through 1 mm sieve prior to use.
Soil Chemical Analyses
Walkley and Black method was used for measuring soil organic matter. Soil available N was measured by alkaline hydrolysis method. Available P was measured using a sodium bicarbonate extraction method. The available K was extracted with 1 N NH 4 OAc at pH 7.0 and determined by flame photometer. Soil pH was determined by a pH meter (Lei ci PHS-3D, Shanghai, China) using a soil-to-water ratio of 1:2.5. The properties of samples were shown in Table 1 .
Isolation
We used the soil dilution plate technique to isolate actinomycetes from the soil samples. One-to-ten serial dilutions of bark suspension were prepared by adding 5.0 g of soils to 45.0 ml of sterile distilled water (10 -1 ) in a conical flask, followed by oscillation at 160 rpm for 10 min and further dilution to 10 -2 -10 -4 . Two media were tested, Gause's synthetic agar (soluble starch: 20.0 g; KNO 3 : 1.0 g; K 2 HPO 4 : 0.5 g; MgSO 4 Á7H2O: 0.5 g; NaCl: 0.5 g; FeSO 4 : 0.01 g; agar: 10.0 g; and distilled water: 1,000 ml) and oligotrophic Gause's synthetic agar (Gause's synthetic medium at one tenth the recommended concentration). Potassium dichromate (80 mg/l) was supplemented in each medium to inhibit the growth of bacteria and fungi. The 10 -2 -10
dilutions of soil suspension (0.05 ml aliquots) were inoculated to the agar media by spread plating. All plates were incubated at 28°C for 15 days. All experiments were performed in triplicates. The colony forming units (CFU) of actinomycetes and streptomycetes formed on 10 -3 dilution plates were recorded. Data were expressed as CFU of soil dry weight (CFU/g). Differences in colony numbers between the two media were analyzed using t test with SAS 9.0 statistical software. Colonies were distinguished by cultural and morphological characteristics, and by microscopic observation if needed. Isolates numbers referred to the number of different colonies on all plates of each medium. Two colonies of each type were transferred onto Gause's synthetic agar slants and oligotrophic Gause's synthetic agar slants, respectively, and incubated at 28°C for 7 days. Comparisons of isolates were made between the two tested media by growing ability and morphological characteristics on same slants. Numbers of isolates unique to each medium were recorded.
Antimicrobial Activity
Antimicrobial activity was analyzed using the agar block method and fifteen target microorganisms (2 bacterial and 13 fungal species), provided by the Microbiology Resource Laboratory at the College of Natural Resources and Environment, Northwest A&F University. The bacterial species were Escherichia coli and Staphylococcus aureus. The fungal species were Penicillium sp., Candida tropicalis and 11 plant pathogens: Fusarium sp. and F. solani, which cause potato dry rot; F. equiseti, which causes fusarium wilt of melon; F. oxysporum f. sp. niveum, which causes fusarium wilt of watermelon; F. oxysporum f. sp. cucumerinum, which causes fusarium wilt of cucumber; Pestalotiopsis sp., which causes strawberry root rot; Verticillium dahliae, which causes cotton verticillium wilt; Didymella bryoniae, which causes ascochyta blight; Cylindrocarpon sp., which cause rust rot in American ginseng; and two strains of Cylindrocarpon destructans, which cause ginseng rot. Actinomycete isolates were inoculated to corresponding medium by spread plating, cultivated at 28°C for 8 days, and then punched to agar blocks (diameter = 7 mm). The target bacterial and fungal species were inoculated to modified beef extract peptone agar (beef extract: 3.0 g; peptone: 10.0 g; NaCl 5.0 g; brown sugar: 10.0 g; agar: 10.0 g; and distilled water: 1,000 ml) and potato dextrose agar (PDA), respectively, by spread plating. Put five agar blocks on each plate immediately, maintained at room temperature (about 15°C) for 12 h, and cultivated at 28°C for 3 days. The diameter of the growth-inhibition zone of each target organism on agar plate was measured using a ruler.
Identification
Actinomycete isolates unique to oligotrophic Gause's synthetic agar were divided into 22 groups according to colony morphology, color of aerial and substrate mycelium, and sporophore characteristics. A representative of each group was identified by 16S rRNA sequence analysis.
The DNA extracts were made from pure isolates using the method described by Saito and Miura [12] . Partial 16S rRNA gene fragments were amplified from these extracts by polymerase chain reaction (PCR) using the bacterial primers 27F: 5 0 -AGAGTTTGATCCTGGCTCAG-3 0 and 1541R: 5 0 -AAGGAGGTGATCCAGCCGCA-3 0 . Amplification was carried out in a DNA Engine thermal cycler (BIO-RAD, USA), using a 50 ll reaction mixture containing 4 ll Taq DNA polymerase (2.
The PCR reactions were purified and sequenced by Sangon Biotech (Shanghai) Co., Ltd. The sequences from all reactions were compared with the published sequences of reference strains available from the EMBL/GenBank/DDBJ databases under the accession codes KF317950-KF317971.
Results
Actinomycete and Streptomycete Counts
Oligotrophic medium decreased the total actinomycete and streptomycete counts, especially in samples with higher organic matter. The exception was total streptomycete counts in sample 9 ( Table 2) . Oligotrophy decreased total actinomycete counts by 2-69 % compared with the corresponding standard medium treatment. The decreases due to oligotrophy were significant (P \ 0.05) for samples 3, 5, 7 and 8. Oligotrophy also decreased total streptomycete counts by 9-81 % compared with the corresponding standard medium treatment. The decreases were significant (P \ 0.05) for samples 7 and 8. Oligotrophy significantly (P \ 0.05) decreased the total actinomycete or streptomycete counts in three of six samples with organic matter content [40 g/kg versus in one of four samples with organic matter content \40 g/kg. There was a negative correlation between the reduced values of total streptomycete counts and elevations. The correlation coefficient was -0.79 (P \ 0.05). The numbers of actinomycete species cultured on OG were decreased in sample 1, 2, 3, 5 and 10 while increased in sample 4, 6, 7 and 8, compared to G medium (Table 3) . There was a negative correlation between the changed value of actinomycete species number (CVASN) and soil pH. The correlation coefficient was -0.66 (P \ 0.05). The correlation coefficient between the ratio of CVASN to actinomycete species number cultured on G medium and soil organic matter content was 0.72 (P \ 0.05), between the ratio and soil pH was -0.72 (P \ 0.05). Colony morphology of representative isolates on the two tested media was shown in Fig. 1 . On OG medium, each sample had emerged actinomycete species which were not cultured in the corresponding sample on G medium (Table 3 ). The correlation coefficient between ratio of emerged actinomycete species number to species number on OG medium and soil organic matter content was 0.76 (P \ 0.05).
In contrast, some actinomycete species were unique to G medium. The number of actinomycete species that were unique to G medium (NASUG) ranged from 3 to 20. These species had high nutrient demand. The correlation coefficient between NASUG and elevation was -0.66 (P \ 0.05), while between NASUG and soil pH was 0.66 (P \ 0.05).
Antimicrobial Activity
The numbers of antagonistic actinomycete species were decreased for sample 2, 3, 4, 5, 7, 8 and 10 while increased for the other three samples on OG medium, compared with G medium (Table 4) .
Oligotrophy also affected the number of culturable antagonistic actinomycete species when expressed as a percentage of the total number of actinomycetes species (Table 4) . Specifically, the percentages ranged from 60 to 77 % on OG medium versus 37 to 63 % on G medium for sample 1, 3, 6, 9 and 10. Oligotrophy decreased the percentages in the rest five samples. Averaged across all ten samples, the percentage of antagonistic species decreased from 52 % on G medium to 47 % on OG medium. Antagonistic activities of several actinomycete isolates are shown in Fig. 2 . Furthermore, there was a positive correlation between the number (percentage) of antagonistic actinomycete species unique to OG medium and soil pH. The correlation coefficient was 0.67 (0.64) (P \ 0.05).
Identification
A total 79 actinomycete strains were cultured only on OG medium. The strains were tentatively classified on the basis of the morphological characteristics, then 22 isolates were selected for identification by 16S rRNA sequence analysis. The 22 isolates mainly belong to three genera: Streptomyces (82 %), Micromonospora (14 %) and Streptosporangium (4 %). Eighteen of the twenty-two strains are known to show bioactivity (Table 5) .
Discussion
Actinomycetes were isolated and screened from mountainous soils on G and OG media. The results showed that although oligotrophy decreased the cultured actinomycete population and species number, the OG medium isolated many bioactive compounds producing actinomycete species that were not cultured on G medium. This could be helpful for the discovery of new antibiotic producers and the exploitation and utilization of new, biologically active compounds. Previous researches had proved that oligotrophic media could positively influence the isolation of actinomycetes [10, 11] . While no research have made systematic comparison between standard medium and the corresponding oligotrophic medium to study the specific effect of oligotrophy on actinomycetes isolation, which was studied in this research. The results could provide science basis of oligotrophy technology to isolating actinomycetes.
Some actinomycete species were cultured only on OG medium. This indicated that reducing the nutrients concentration of medium could promote growth of some actinomycete species or activate the germination of some actinomycete spores. The emerged species included two groups: one group was oligotrophic actinomycetes; another one was slow growth and oligotrophy tolerance. On G medium, the high nutrient concentration inhibited the culture of first group and the space competition of fastgrowing species suppressed the second group.
In contrast, some other species could not be cultured after reducing the medium concentration. These species had high nutrient demand and could not tolerant oligotrophy.
